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Abstract 10 
Dermatophytosis is one of the most common superficial fungal infections, which is mainly 11 
caused by filamentous fungi such as Trichophyton species. A challenging aspect in 12 
dermatophyte research is the lack of a straightforward method to measure the rate of growth, 13 
in particular when growing dermatophytes in small volumes such as in microtitre plates. 14 
However, one characteristic of dermatophytes is their ability to produce compounds such as 15 
ammonia that make the growth medium more alkaline. The objective of this study was to test 16 
whether the change in pH in a liquid medium, colourimetrically established using the indicator 17 
phenol red, was linearly and directly proportional to the growth rate for Trichophyton rubrum 18 
and Trichophyton interdigitale. The changes in the colour determined by the phenol-red based 19 
assay showed a good correlation with the amount of fungal biomass over an incubation period 20 
of 24-120 hours. The functionality of the phenol red assay was also validated in experiments 21 
on the growth of T. rubrum in the presence of antifungals. The changes in colour showed a 22 
clear dose-response relationship compounds and enabled determination of the minimum 23 
inhibitory concentration. The phenol red assay is thus a simple and straightforward assay to 24 
monitor the rate of growth of Trichophyton spp. and test antifungal activity.  25 
  26 
 3 
1. Introduction 27 
Dermatophytosis is one of the most common fungal infections of keratinised tissues such as 28 
nails, hair and skin, with about 20 to 25% of the world population being infected (Havlickova 29 
et al., 2008). They are most commonly caused by dermatophytes, which are fungi that can 30 
degrade keratin. Trichophyton rubrum and Trichophyton interdigitale are the two most 31 
common causative agents, causing over 90% of dermatophyte infections in 2005 in the UK 32 
(Borman et al., 2007).  33 
With bacteria, growth in liquid cultures can be monitored easily using, for instance, the 34 
optical density (OD) of cultures. This technique does not work well for moulds due to their 35 
filamentous and heterogeneous morphology in liquid cultures. For such fungi, one could 36 
measure radial growth on agar plates, and for liquid medium, a traditional method would be 37 
determining the mycelium dry weight. However, the latter method is time-consuming due to 38 
the relatively slow growth rate of most filamentous fungi. Furthermore, it is also challenging 39 
to implement in the case of multi-replicate assays and when growing fungi in small volumes 40 
such as in microtitre plates (Arima and Uozumi, 1967; Granade et al., 1985; Matcham et al., 41 
1984; Taniwaki et al., 2006). An alternative to dry weight measurements is by staining the 42 
fungal biomass with a dye such as crystal violet, and then measure the absorbance of the dye, 43 
but this is still fairly laborious and involves several steps (Costa-Orlandi et al., 2014).   44 
An alternative approach to measuring fungal biomass is to use colourimetric assays that 45 
monitor metabolic activity, such as those based on resazurin or the tetrazolium salts 3-(4,5-46 
Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and 2,3-bis-(2-methoxy-4-47 
nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxanilide (XTT) and these have been applied to, 48 
for instance, antifungal susceptibility testing with Aspergillus species (Jahn et al., 1996; 49 
Meletiadis et al., 2002; Monteiro et al., 2012). However, dermatophytes prefer a mildly acidic 50 
environment for the initial stages of infection, as a number of important virulence factors such 51 
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as proteases have optimal activity at the pH that matches that of the skin (pH 5.5) and nail (pH 52 
5.2) (Martinez-Rossi et al., 2012; Matousek and Campbell, 2002; Murdan et al., 2016). During 53 
growth of dermatophytes, degradation of keratin or other proteins leads to release of ammonia, 54 
resulting in a shift towards an alkaline pH (Mercer and Stewart, 2019). The initial low pH 55 
reduces the adequacy of the MTT and XTT cell viability assays that require a neutral pH (pH 56 
7.4). Indeed, it was shown that the acidic environment shifts the absorbance and reduces the 57 
activity of formazan-producing enzymes (Grela et al., 2018; Johno et al., 2010; Plumb et al., 58 
1989). Moreover, the resazurin assay monitors not only cell viability but also functions as a pH 59 
indicator (Lancaster and Fields, 1996), and false negative results may therefore result from the 60 
shift towards alkaline pH. Therefore, better and easier assays to monitor growth and viability 61 
of dermatophytes are desirable and would be useful to study e.g. antifungal susceptibility. 62 
The ability of dermatophytes to producing ammonia has been exploited to develop a 63 
simple and rapid dermatophyte test medium (DTM) to diagnose the presence of 64 
dermatophytosis by incorporating the pH indicator phenol red, which changes colour from 65 
yellow to red under alkaline conditions (Taplin et al., 1969). This colour change is 66 
characteristic for dermatophytes such as T. rubrum and T. interdigitale and aids in their 67 
identification It should be noted, however, that some non-dermatophytes may also cause a 68 
colour change in DTM, leading to the introduction of an improved Dermatophyte Identification 69 
Medium (Salkin et al., 1997; Mesquita et al., 2016; Gromadzki et al., 2003). Here we developed 70 
a simple method that uses phenol red to measure the rate of fungal growth in liquid culture 71 
media, and also demonstrate its usefulness to study antifungal susceptibility of dermatophytes. 72 
The phenol red assay was validated by comparison with quantification of the biomass, as 73 
determined using crystal violet (Costa-Orlandi et al., 2014). Compared with other fungal 74 
growth and viability assays, this assay is inexpensive and straightforward, with minimal post-75 
processing that avoids artefacts. 76 
77 
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2. Materials and methods 78 
2.1 Strains and culture conditions 79 
Trichophyton species used in this study were T. interdigitale (ATCC 9533) and T. rubrum 80 
(ATCC 28188), obtained from Fisher Scientific (Loughborough, UK). To isolate microconidia, 81 
strains were cultured on potato dextrose agar (Sigma-Aldrich, St. Louis, MO, USA) for 15 days 82 
at 30°C to induce full sporulation. Conidia were harvested with sterile 1% Tween-20 (Fisher 83 
Scientific), filtered through a sterile cell strainer (40 µm) and resuspended in sterile Milli-Q 84 
water. The conidia were aliquoted and stored at -20°C and aliquots were used within two 85 
weeks, during which no significant reduction in viability was observed. 86 
 87 
2.2 Fungal growth assay  88 
The fungal growth assay was performed by dispensing 200 µL of Sabouraud dextrose broth 89 
(SDB) with phenol red (0.002%) in 96-well flat-bottom microtitration plates (Costar, Corning, 90 
N.Y., USA) and adding microconidia to each well with a final concentration of 1 × 106 CFU 91 
ml−1. The plate was then sealed with parafilm and incubated for 24-120 hrs on a microplate 92 
shaker (150 rpm) at 30°C. Finally, the liquid from each well was transferred into a new 93 
microtitration plate and then read in UV/vis multiplate reader (CLARIOstar Plus, BMG 94 
Labtech, Aylesbury, UK) at a wavelength of 560 nm. 95 
 96 
2.3 Quantification of biomass by crystal violet staining 97 
Trichophyton spp. biomass quantification was done by crystal violet staining, as described by 98 
Costa-Orlandi et al. (2014), with some slight modifications. Briefly, after growth of the fungi 99 
in 96-well plates in SDB, the solution from each well was removed, the fungal biomass at the 100 
bottom of each well was washed twice with PBS, and then the plate was dried in an oven for 101 
20 min at 60°C. The biomass in each well was then stained for 5 min with 150 µL of 0.1% 102 
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crystal violet solution. The solution was carefully removed, and wells were submerged three 103 
times in trays with cold tap water to remove excess stain. After that, 200 µL of 95% ethanol 104 
was added to each well to dissolve the crystal violet. After mixing thoroughly, the solution was 105 
transferred to a new microtitration plate and read in a UV/Vis multiplate reader at a wavelength 106 
of 595 nm.   107 
 108 
2.4 Antifungal susceptibility test 109 
The potential of an antifungal susceptibility test based on the phenol red assay was tested with 110 
nystatin and EDTA. 200 µL of SDB with phenol red (0.002%) and different concentrations of 111 
EDTA or nystatin (0.1-256 µg/mL) was dispensed in 96-well plates, followed by adding T. 112 
rubrum conidia to each well at a final concentration of 1 × 106 CFU ml−1. The plate was 113 
incubated for 72 hours on a microplate shaker (150 rpm) at 30°C, after which the solutions 114 
from each well were transferred to a new plate and the absorbance at a wavelength of 560 nm 115 
was determined using a multiplate UV/vis spectrometer.  116 
To apply the phenol red assay by addition after growth, cells were grown as above in 117 
SDB (without phenol red) in the presence of antifungal compounds (nystatin, cycloheximide, 118 
terbinafine hydrochloride or clotrimazole). After 72 hours the supernatant was transferred to a 119 
new plate containing 2 µl 0.2% phenol red (in DMSO) in each well. 120 
 121 
2.5 Calculation and statistical analysis 122 
The results were presented as the mean ± standard deviation. Since the response of absorbance 123 
is different in each assay, the results from the phenol red and crystal violet biomass assays were 124 
expressed using the following equation (Eq.1) and plotted against incubation times.  125 
% percentage change =
(Sample at 120 hrsAbs − BlankAbs)
(SampleAbs − BlankAbs)
× 100%      (𝐸𝑞. 1 ) 126 
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The slope and intercept of these linear regressions were compared by analysis of covariance 127 
(ANCOVA), performed by GraphPad Prism software. Statistical significance was considered 128 
for p-values less than 0.05.  129 
The growth inhibition rate of antifungal susceptibility test was calculated by the 130 
equation below (Eq.2), and the data were plotted against concentrations of the antifungal 131 
agents. The minimum inhibitory concentration (MIC) is defined as the lowest concentration 132 
that gives at least 90% growth inhibition as measured using the phenol red assay.  133 
  % growth inhibition = [1 −
(SampleA560−BlankA560)
ControlA560
] × 100%    (𝐸𝑞. 2)  134 
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3. Results 135 
3.1 Correlation between the phenol red growth assay and biomass quantification 136 
The pH of Trichophyton cultures grown in Sabouraud broth shifted from 5.5 to 8.0 throughout 137 
120 hrs (data not shown). The indicator phenol red has an absorption peak at 430 nm at low 138 
pH, whereas the absorption maximum shifts to 560 nm between pH 6.8-8.2, which results in 139 
the change from yellow to red in the culture medium. We examined whether this colour change 140 
could be used to measure the growth of T. rubrum and T. interdigitale by following the 141 
absorbance of the culture supernatant containing phenol red at 560 nm in the period 24-120 142 
hours after inoculation. Incubation times shorter than 24 hours showed no change in the colour 143 
of phenol red, while with longer periods of time there was so much biomass that it became 144 
difficult to extract the liquid from the wells. The results from the phenol red assay were 145 
compared with the data on biomass formed as determined using crystal violet staining. As 146 
shown in Fig 1A and 1B, the two assays show very similar results, with no significant 147 
difference found between the slopes or intercepts of the two linear regressions as determined 148 
by ANCOVA. Very similar results were also obtained when comparing the phenol red assay 149 
with release of protein and DNA after treatment in lysis buffer (data not shown). However, 150 
complete lysis was difficult to achieve; as it was unclear whether the level of lysis was similar 151 
in all stages of growth, these results were less conclusive. 152 
 153 
3.2 Application of phenol red assay to antifungal susceptibility testing 154 
To further test the usefulness of the phenol red assay, the growth of T. rubrum was determined 155 
in the presence of antifungal compounds. Two known growth inhibitors, the antifungal nystatin 156 
and the chelator EDTA, were used to evaluate the susceptibility test. As shown in Fig 2, the 157 
growth inhibition effect was reflected in the results of the assay, and a clear dose-response 158 
relationship between the growth and the concentration of inhibitors was observed. The curves 159 
 9 
in Fig. 2 were used to determine the MIC for nystatin and EDTA, which were 3 µg/mL and 48 160 
µg/mL, respectively.  161 
 162 
We also tested whether the susceptibility testing can be done by adding a stock solution of 163 
phenol red after fungal growth. As shown in Figure 3, we could visualise inhibition of T. 164 
rubrum growth in the presence of terbinafine (inhibition at <0.01 µg/mL), clotrimazole (<0.1 165 
µg/mL and nystatin (<10 µg/mL), whereas no inhibition was observed with cycloheximide. 166 
The latter antifungal is used in DTM as it inhibits saprophytic fungi whereas dermatophytes 167 
are resistant to cycloheximide. 168 
  169 
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4. Discussion 170 
Given their relevance to human health, improved techniques to study the antifungal drug 171 
therapies are required. Due to the heterologous morphology of filamentous fungi, the typical 172 
measurements of microbial growth and viability such as optical density and colony counting 173 
cannot be used. Instead, mycelium dry weight is the most common method to measure the 174 
filamentous fungal growth. However, this is time-consuming, and it is difficult to process 175 
multi-replicate assays, in particular when working with small volumes (Arima and Uozumi, 176 
1967; Granade et al., 1985; Matcham et al., 1984; Taniwaki et al., 2006). 177 
Phenol red is a commonly used pH indicator to monitor the pH of the cell culture media, 178 
based on a gradual transition in colour following pH shifts from acidic to alkaline, and vice 179 
versa. Based on this, DTM (containing phenol red) was developed to differentiate 180 
dermatophytes from other fungi as the only the former cause an alkaline shift on the pH of the 181 
medium to 8-9, by deaminating amino acids to form ammonia as a by-product (Kunert, 2000; 182 
Monod, 2008; Taplin et al., 1969). In this study, we expand the usage of phenol red so it can 183 
be used as an assay to measure fungal growth and to determine antifungal activity in liquid 184 
cultures. The phenol red growth assay was validated by measuring the fungal growth of T. 185 
rubrum and T. interdigitale in SDB based on the biomass between 24-120 hours of growth. 186 
Thus, alkalinisation of the medium as a result of utilising nitrogen sources is directly correlated 187 
to fungal growth, demonstrating that the phenol red assay is a reliable and easy method to 188 
measure growth of Trichophyton spp.. It should be noted that some non-dermatophytic fungi 189 
such as Hisptoplasma capsulatum and Blastomyces dermatitidis also cause a similar change of 190 
colour in media containing phenol red (Salkin, 1973). It is thus conceivable that the method 191 
developed here may be employed for a number of these fungi, but we have not tested this. 192 
The phenol red growth assay can overcome the disadvantages of various methods used 193 
to measure fungal growth. Apart from traditional methods such as dry weight measurements, 194 
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crystal violet staining has been used to study biofilm formation of T. rubrum (Costa-Orlandi et 195 
al., 2014) and the MIC of various antifungal compounds on filamentous biomass (Kvasničková 196 
et al., 2016; Mowat et al., 2007). However, the crystal violet staining requires fungi to adhere 197 
to the surface of the culture plates, and the biomass of some filamentous fungi may be removed 198 
easily during the washing steps. The phenol red growth assay involves a simple procedure and 199 
does not require any washing steps. We also showed that a phenol red stock solution can be 200 
added after growth and can be used to visualise inhibition of several antifungal agents. The 201 
values obtained corroborated earlier studies that determined the MIC for these antifungal 202 
agents (Gupta and Kohli, 2003, Shadomy, 1971, Adimi et al., 2013, Agbulu et al 2015).     203 
The antifungal susceptibility using phenol red was demonstrated by studying the 204 
inhibitory effect of nystatin, a polyene antifungal agent, and EDTA, a chelating agent and 205 
metalloprotease inhibitor to T. rubrum (Sen, 1964). Notably, the MIC for nystatin was the same 206 
as found in a study that determined this using SDB slant cultures (Agbulu et al., 2015). The 207 
sigmoidal dose-response curves were established after 72 hours incubation, a time point is 208 
commonly used in studying the fungal growth of dermatophytes, and provides an optimum 209 
response of the susceptibility (Costa-Orlandi et al., 2014; Smijs et al., 2008). Furthermore, at 210 
72 hours it was still easy to extract liquid from the wells, which became more difficult with 211 
longer incubation times. Thus, the phenol red assay provides an alternative method to 212 
determine MIC values. The method does not replace existing standardised methods to 213 
determine antifungal activity of filamentous fungi (Johnson, 2008), as the phenol red assay is 214 
limited to dermatophytes only, but it is nevertheless a useful addition because of its ease and 215 
simplicity. In conclusion, the phenol red growth assay provides a reproducible and cheap 216 
method that simplifies the study of dermatophytes and enables antifungal susceptibility testing. 217 
218 
 12 
References 219 
Adimi, P., Hashemi, S. J., Mahmoudi, M., Mirhendi, H., Shidfar, M. R., Emmami, M., Rezaei-220 
Matehkolaei, A., Gramishoar, M. & Kordbacheh, P. 2013. In-vitro activity of 10 221 
antifungal agents against 320 dermatophyte strains using microdilution method in 222 
Tehran. Iran J Pharm Res, 12, 537-545. 223 
Agbulu, C.O., Iwodi, C., Onekutu, A., 2015. In vitro Susceptibility Test of Some Antifungal 224 
Drugs on Selected Dermatophytes and Yeasts Isolated from Patients Attending 225 
Hospitals in Makurdi Environ. Microbiol. J. 5, 9–16. 226 
https://doi.org/10.3923/mj.2015.9.16 227 
Arima, K., Uozumi, T., 1967. A new method for estimation of the mycelial weight in koji. 228 
Agric. Biol. Chem. 31, 119–123. https://doi.org/10.1080/00021369.1967.10858780 229 
Borman, A.M., Campbell, C.K., Fraser, M., Johnson, E.M., 2007. Analysis of the 230 
dermatophyte species isolated in the British Isles between 1980 and 2005 and review of 231 
worldwide dermatophyte trends over the last three decades. Med. Mycol. 45, 131–141. 232 
https://doi.org/10.1080/13693780601070107 233 
Costa-Orlandi, C.B., Sardi, J.C.O., Santos, C.T., Fusco-Almeida, A.M., Mendes-Giannini, 234 
M.J.S., 2014. In vitro characterization of Trichophyton rubrum and T. mentagrophytes 235 
biofilms. Biofouling 30, 719–727. https://doi.org/10.1080/08927014.2014.919282 236 
Granade, T.C., Hehmann, M.F., Artis, W.M., 1985. Monitoring of filamentous fungal growth 237 
by in situ microspectrophotometry, fragmented mycelium absorbance density, and14C 238 
incorporation: Alternatives to mycelial dry weight. Appl. Environ. Microbiol. 49, 101–239 
108. 240 
Grela, E., Kozłowska, J., Grabowiecka, A., 2018. Current methodology of MTT assay in 241 
bacteria – A review. Acta Histochem. 120, 303–311. 242 
https://doi.org/10.1016/j.acthis.2018.03.007 243 
 13 
Gromadzki, S., Ramani, R. & Chaturvedi, V. 2003. Evaluation of new medium for 244 
identification of dermatophytes and primary dimorphic pathogens. J Clin Microbiol, 245 
41, 467-8. 246 
Gupta, A. K. & Kohli, Y. 2003. In vitro susceptibility testing of ciclopirox, terbinafine, 247 
ketoconazole and itraconazole against dermatophytes and nondermatophytes, and in 248 
vitro evaluation of combination antifungal activity. Br J Dermatol, 149, 296-305. 249 
Havlickova, B., Czaika, V.A., Friedrich, M., 2008. Epidemiological trends in skin mycoses 250 
worldwide. Mycoses. https://doi.org/10.1111/j.1439-0507.2008.01606.x 251 
Jahn, B., Stüben, A., Bhakdi, S., 1996. Colorimetric susceptibility testing for Aspergillus 252 
fumigatus: Comparison of menadione-augmented 3-(4,5-dimethyl-2-thiazolyl)-2,5-253 
diphenyl- 2H-tetrazolium bromide and Alamar Blue tests. J. Clin. Microbiol. 34, 2039–254 
2041. 255 
Johno, H., Takahashi, S., Kitamura, M., 2010. Influences of acidic conditions on formazan 256 
assay: A cautionary note. Appl. Biochem. Biotechnol. 162, 1529–1535. 257 
https://doi.org/10.1007/s12010-010-8934-z 258 
Johnson, E.M. 2008. Issues in antifungal suceptibility testing. J. Antimicrob. Chem. 61, i13-259 
i18. 260 
Kunert, J., 2000. Physiology of keratinophilic fungi. Rev Iberoam Micol 10, 77–85. 261 
Kvasničková, E., Paulíček, V., Paldrychová, M., Ježdík, R., Maťátková, O., Masák, J., 2016. 262 
Aspergillus fumigatus DBM 4057 biofilm formation is inhibited by chitosan, in contrast 263 
to baicalein and rhamnolipid. World J. Microbiol. Biotechnol. 32. 264 
https://doi.org/10.1007/s11274-016-2146-9 265 
Lancaster, M. V, Fields, R.D., 1996. Antibiotic and cytotoxic drug susceptibility assays using 266 
resazurin and poising agents. US 5501959 A. 267 
Martinez-Rossi, N.M., Persinoti, G.F., Peres, N.T.A., Rossi, A., 2012. Role of pH in the 268 
 14 
pathogenesis of dermatophytoses. Mycoses 55, 381–387. https://doi.org/10.1111/j.1439-269 
0507.2011.02162.x 270 
Matcham, S.E., Wood, D.A., Jordan, B.R., 1984. The measurement of fungal growth in solid 271 
substrates. Appl. Biochem. Biotechnol. 9, 387–388. 272 
https://doi.org/10.1007/BF02798989 273 
Matousek, J.L., Campbell, K.L., 2002. A comparative review of cutaneous pH. Vet. 274 
Dermatol. 13, 293–300. https://doi.org/10.1046/j.1365-3164.2002.00312.x 275 
Meletiadis, J., EUROFUNG Network, Donnelly, J.P., Verweij, P.E., Mouton, J.W., Bouman, 276 
B.A., Meis, J.F.G.M., 2002. Colorimetric Assay for Antifungal Susceptibility Testing of 277 
Aspergillus Species. J. Clin. Microbiol. 39, 3402–3408. 278 
https://doi.org/10.1128/jcm.39.9.3402-3408.2001 279 
Mercer D.K., Stewart, C.S. 2019. Keratin hydrolyis by dermatophytes. Med Mycol 57, 13-22 280 
Mesquita, J.R., Vasconcelos-Nóbrega, C., Oliveira, J., Coelho, C., Vala, H., Fratti, M., 281 
Arabatzis, M., Velegraki, A., Monod, M., 2016. Epizootic and epidemic dermatophytose 282 
outbreaks caused by Trichophyton mentagrophytes from rabbits in Portugal, 2015. 283 
Mycoses 59, 668–673. https://doi.org/10.1111/myc.12513 284 
Monod, M., 2008. Secreted proteases from dermatophytes. Mycopathologia 166, 285–294. 285 
https://doi.org/10.1007/s11046-008-9105-4 286 
Monteiro, M.C., De La Cruz, M., Cantizani, J., Moreno, C., Tormo, J.R., Mellado, E., De 287 
Lucas, J.R., Asensio, F., Valiante, V., Brakhage, A.A., Latgé, J.P., Genilloud, O., 288 
Vicente, F., 2012. A new approach to drug discovery: High-throughput screening of 289 
microbial natural extracts against Aspergillus fumigatus using resazurin. J. Biomol. 290 
Screen. 17, 542–549. https://doi.org/10.1177/1087057111433459 291 
Mowat, E., Butcher, J., Lang, S., Williams, C., Ramage, G., 2007. Development of a simple 292 
model for studying the effects of antifungal agents on multicellular communities of 293 
 15 
Aspergillus fumigatus. J. Med. Microbiol. 56, 1205–1212. 294 
https://doi.org/10.1099/jmm.0.47247-0 295 
Murdan, S., Milcovich, G., Goriparthi, G.S., 2016. The pH of the Human Nail Plate, 296 
Agache’s Measuring the Skin. Springer International Publishing, Cham. 297 
https://doi.org/10.1007/978-3-319-26594-0 298 
Plumb, J.A., Milroy, R., Kaye, S.B., 1989. Effects of the pH dependence of 3-(4,5-299 
dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide-formazan absorption on 300 
chemosensitivity determined by a novel tetrazolium-based assay. Cancer Res. 49, 4435–301 
40. https://doi.org/10.1158/0008-5472.CAN-05-4048 302 
Salkin, I. F. 1973. Dermatrophye test medium: evaluation with nondermatophytic pathogens. 303 
Appl Microbiol, 26, 134-7. 304 
Salkin, I.F., Padhye, A.A., Kemna, M.E., 1997. A new medium for the presumptive 305 
identification of dermatophytes. J. Clin. Microbiol. 35, 2660–2662. 306 
Sen, C., 1964. Enzyme make-up of Trichophyton rubrum and T. mentagrophytes. 307 
Mycopathol. Mycol. Appl. 24, 211–219. https://doi.org/10.1007/BF02049281 308 
Shadomy, S. 1971. In-Vitro Antifungal Activity of Clotrimazole (Bay B 5097). Infect Immun, 309 
4, 143-148. 310 
Smijs, T.G.M., Mulder, A.A., Pavel, S., Onderwater, J.J.M., Koerten, H., Bouwstra, J.A., 311 
2008. Morphological changes of the dermatophyte Trichophyton rubrum after 312 
photodynamic treatment: A scanning electron microscopy study. Med. Mycol. 46, 315–313 
325. https://doi.org/10.1080/13693780701836977 314 
Taniwaki, M.H., Pitt, J.I., Hocking, A.D., Fleet, G.H., 2006. Comparison of hyphal length, 315 
ergosterol, mycelium dry weight, and colony diameter for quantifying growth of fungi 316 
from foods 49–67. https://doi.org/10.1007/0-387-28391-9_3 317 
 16 
Taplin, D., Zaias, N., Rebell, G., Blank, H., 1969. Isolation and Recognition of 318 
Dermatophytes on a New Medium (DTM). Arch. Dermatol. 99, 203-209 319 
https://doi.org/10.1001/archderm.1969.01610200075012 320 
  321 
 17 
Fig 1. Measurement of fungal growth of T. rubrum (A) and T. interdigitale (B) in SDB between 322 
24-120 hours via crystal violet biomass staining. Each assay was completed with the phenol 323 
red viability assay, and their rate of the percentage change versus the incubation times are did 324 
not show a significant difference (ANCOVA – A-B, ns, n = 3).  325 
 326 
Fig 2. Dose-response curves illustrating the antifungal susceptibility activities of nystatin (A) 327 
and EDTA (B) against T. rubrum in SDB using the phenol red growth assay after 72 hours of 328 
incubation (A: R2 = 0.9955; B: R2 = 0.9731; n = 3). 329 
 330 
Fig 3. Antifungal susceptibility testing by adding phenol red after growth. The antifungals 331 
used were terbinafine (Te), clotrimazole (Cl); cycloheximide (Cy), and nystatin (Ny), with 332 
the concentrations used indicated above the panels.  333 
 334 
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